Introduction
The cooling tower is a steady flow device that uses a combination of mass and energy transfer to cool water by exposing it as an extended surface to the atmosphere. The water surface is extended by filling, which presents a film surface or creates droplets. The air flow (AF) may be cross flow or counter flow and caused by mechanical means, convection currents or by natural wind. In mechanical draft towers, air is moved by one or more mechanically driven fans to provide a constant air flow. The function of the fill is to increase the available surface in the tower, either by spreading the liquid over a greater surface or by retarding the rate of fall of the droplet surface through the apparatus. The fill should be strong, light and deterioration resistant. In this study, expanded wire mesh was used as the filling material. Its hardness, strength, and composition guard against common cooling tower problems resulting from fire, chemical water treatment, and deterioration. The operating theory of cooling tower was first suggested by Walker et al. [1] . Simpson and Sherwood [2] studied the performances of forced draft cooling towers with a 1.05 m packing height consisted of wood slats. Kelly and Swenson [3] studied the heat transfer and pressure drop characteristics of splash grid type cooling tower packing. Barile et al. [4] studied the performances of a turbulent bed cooling tower. They correlated the tower characteristic with the water/air mass flow ratio.
Bedekar et al. [5] studied experimentally the performance of a counter flow packed bed mechanical cooling tower, using a film type packing. Their results were presented in terms of tower characteristics, water outlet temperature and efficiency as functions of the water to air flow rate ratio. Goshayshi and Missenden [6] also studied experimentally the mass transfer and the pressure drop characteristics of many types of corrugated packing, including smooth and rough surface corrugated packing in atmospheric cooling towers. Their experiments were conducted in a 0.15 m´0.15 m counter flow sectional test area with 1.60 m packing height. From their experimental data, a correlation between the packing mass transfer coefficient and the pressure drop was proposed. Kloppers and Kroger [7] studied the loss coefficient for wet cooling tower fills. They tested trickle, splash and film type fills in a counter flow wet cooling tower with a cross sectional test area of 1.5 m´1.5 m. Energy and exergy analysis was conducted in cooling tower, from this result in let air wet bulb temperature is found to be the most important parameter than in let water temperature (WT) and also variation in dead state properties does not affect the performance of wet cooling tower [8] . Abo Elazm and Elsafty [9] studied the cross-flow water cooling tower problem, and found an empirical correlation's controlling heat and mass transfer coefficients as functions of inlet parameters to the tower. Lemouari and Boumaza [10] used this packing in an evaporative cooling system to study its thermal and hydraulic performances. Lemourai et al. [11] and Lemourai and Boumaza [12] experimentally investigated the thermal performance of a counter flow wet cooling tower filled with a vertical grid apparatus type packing. In most of the literature surveys, optimization techniques were used in the cooling tower for cost analysis, heat transfer, design, performance et al., and the optimization techniques has been developed as mathematical modeling and simulation and that is being compared with already existing experimental work from the literature itself [8, [13] [14] [15] [16] .
In the experimental study, the operating parameters were optimized using Taguchi method and that optimized parameters were used in our experimental setup to find the cooling tower performance. Better cooling tower performance was achieved with optimum operating parameters.
Experimental set-up
A schematic diagram of the experimental apparatus is shown in fig.1(a) and 1(b) . The main part of the installation is the cooling tower, 1.5 m in height and 0.3 m´0.3 m in cross-section. The tower structure is made of steel frames. The sides and rear side of the test section are made of sheet metal, and front side is transparent and is made of Acrylic plate of 5 mm thick. The front plate is removable, so that the easy access to interior of tower is possible in order to replace packing, as well as to enable the access of various measuring probes. Water is transported by pump through flow regulated valve. The water flow (WF) rate is measured by flow meter and distributed through spray nozzles. Water is distributed in the form of falling films over the expanded wire mesh fill. The water distribution system consists of six numbers of 2 mm diameter nozzles. By using this system water is directly distributed over the EWM packing, and the films of falling water were uniform across the whole surface of packing. The pressure drop at fill zone is measured by U-tube manometer. Chromel-alumel thermocouples were used to measure water inlet and outlet temperature and measure the WT in fill zone area. All thermocouples were connected to a 24 point digital temperature recorder. Both dry bulb and wet bulb temperature of air are measured at the inlet and exit of the cooling tower. A forced draught fan was used to provide air flow to the tower. The air enters into (1)
Uncertainty analysis
Standard uncertainty "The objective of a measurement is to determine the value of the measurand, that is, the value of the particular quantity to be measure. A measurement therefore begins with an appropriate specification of the measurand, the method of measurement, and the measurement procedure. In general, the result of a measurement is only an approximation or estimate of the (2) value of the measurand and thus is complete only when accompanied by a statement of the uncertainty of that estimate" [17] . Through there are many factors in the measurement uncertainty, in this study, it is assumed that the major factors of resolution or detection of sensors and the variation of the measured data during repeated tests at the test condition. It defined the measurand, the output quantity as a function Y = f(X) of the input quantities X.
pump, (3) flow meter, (4) temp display and control unit, (5) hot water thermometer, (6) coldwater thermometer, (7) U-tube manometer air flow, (8) psychometric gun, (9) receiving tank, (10) forced draft fan, (11) U-tube manometer-cooling tower, (12) air inlet temperature (T DB1 T WB1 ), (13) air outlet temperature (T DB2 T WB2 ), (14) psychometric gun temperature, (15) expanded wire mesh fill
The uncertainties of the measured data were calculated by combining the type A and B [18] .The type A uncertainty was evaluated by statistical analysis of series of observation of the 50 times sampled data and the type B uncertainty was calculated by previous measurements, specifications from the manufacturer, hand-books, calibration certificates, etc. [19] . The standard uncertainty was computed as root mean square (RMS) error of the type A and B uncertainties. Table 2 shows the uncertainty estimation of each measured parameter and 50 samples were collected in each test [19] . 
Combined uncertainty
Combined uncertainty is an application of the law of propagation of uncertainty [15] in measurement on the function Y = f(X) = f(X 1 , X 2 , X 3 ,...) and it is shown in eq. (4) and (5) 
where u(x i ) is the standard uncertainty of input variable, u c (y) -the combine uncertainty, and c ithe sensitivity coefficient. In eq. (5), the sensitivity coefficients of the each variable were approximated as the effect on the function when the variable changed by 1%. The combined standard uncertainty was computed as a RMS of each multiplication of sensitivity coefficient and the standard uncertainty of the variable [20] . In this study, the combined standard uncertainty of water flow and air flow were calculated from the standard uncertainty of measured parameters. Table 3 present sensitivity coefficients and uncertainties of the input variables, and calculated combined standard uncertainties of the WF and AF for the cooling tower. If the cooling tower test condition is changed, combined standard uncertainties analysis should be recalculated because of the characteristic of the test facility. At the different test condition, the type uncertainties of the measured parameter would change, and that results in the change of the combined standard uncertainties. In this study, Monte Carlo simulation (MCS) for the AF rate, WF rate were conducted and the results were used to verify the combined standard uncertainties. In the MCS, commercial software (at Risk-trial version) was used, and the same standard deviation and limits of resolution of sensor of the input variables as previous uncertainty analysis were used. The validation of the combined uncertainty by the uncertainty analysis and the standard deviation by the MCS for the WF and AF errors were 0.079% and 0.043%. Results agree with errors are less than 0.1% and the errors could be caused by the approximation used in the uncertainty analysis. 
Application of the Taguchi method
First proposed by Taguchi in 1960, the quality design is widely applied because of its proven success in improving industrial product quality greatly [21, 22] . The Taguchi approach was used as a statistical design of experiment technique to set the optimal welding parameters [23] . Taguchi method was applied to optimize ultrasound thermal process for extracting caffeine and flavor from coffee. The use of ultrasound has abridged experiments in cost, energy loss and time [24] . In the literature surveys, parameters were optimized and the system performance was enhancing using Taguchi method [25] [26] [27] [28] . In addition to this, minimum trail numbers, obtaining the effect of process parameters on quality characteristics and their optimum levels have easily increased its popularity [29] . There are ten steps in a systematic approach to the use of Taguchi's parameter design methodology. Figure 2 shows the detailed procedure of Taguchi design methodology.
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In the present study which takes three factors with three levels and their two-way interactions into consideration, the total DCF is 18. Hence, an L27-an OA was chosen which has 27 rows corresponding to the number of parameter combinations with 13 columns as shown in tab. 5. The experimental design consists of 27 trials (each row in the L27 OA and the columned of the OA are assigned to factors and their interactions. As per the linear graph of L27 OA [35] and the fig. 3 , the first column is assigned to inlet WT, second column to inlet AF and fifth column to inlet WT and remaining column are assigned to their interactions. If all the factors have interactions in experiments, systems consisting of three factors with three levels are taken into consideration, L27 OA is the most appropriate experimental plan. In addition, as it includes all the combination of factor levels, it is possible to use it in regression and correlation analysis effectively. For analysis of the results and optimization of conditions for setting the control factors, MINITAB-15 software was used. It is the widow version software for automatic design and analysis of Taguchi experiments.
Statistical analysis
Statistical analysis -signal-to-noise (S/N) ratio, analysis of variance (ANOVA), regression -are carried out for a significance level of 0.005, i. e., for confidence level of 95%.
Signal-to-noise analysis
Taguchi method employs a S/N to measure the present variation [24, 36] . The definition of S/N ratio differs according to an objective function, i. e., a characteristic value. There are three kinds of characteristics value: nominal is best (NB), smaller is better (SB), and larger is better (LB). As the objective of this study is the maximization of cooling tower effectiveness, LB is chosen. S/N ratio of LB is formulated as: (6) where n is the number of measurements and y i -the parameters being measured through the experiments. The experimental results and corresponding S/N ratios are given in tab. 6 .The uncontrolled or the noise parameters are the outside air drybulb temperature (DBT) and wetbulb temperature (WBT). As these can not be kept at a particular level during experimentation, experiments are conducted at each experimental setting from 7.00 a. m. to 9.00 a. m. Data measured at two hour interval are used at noise parameters (N 1 to N 8 ). 
Analysis of variance
ANVOA is a method most widely used for determining significant parameters on response and measuring their effects. In the cooling tower performance, the major factor of the non-reproducibility is the controls the test facility and the cooling tower operating condition. In order to reduce those factors, the test procedure was standardized and inter -tester group proficiency test has been conducted regularly. In the inter-tester groups (A&B) conducted four tests for each experimental run at the defined test condition and the results were analyzed by two way ANOVA in order to ensure the repeatability tests [19] . The ANVOA results for S/N ratio and mean are illustrated in tabs. 7 and 8. In ANOVA, the ratio between the variance of the process parameter and the error variance is called as F-test. It determines whether the parameter has significant effect on the quality characteristics. This process is carried out by comparing the F-test value of the parameter with the standard value (F 0.05 ) at the 5% significance level. If F-test value is greater than F 0.05 , the process parameter is considered significant. Depending on it, it can be seen that all factors and their interactions on temperature gradient are significant. The last column of tabs. 5 and 6 indicates the percentage contribution (significance rate) of each process parameter to the total variation, indicating their degree of influence on the results. According to tab. 5, inlet water flow (WF = 59.33%) has the most dominant effect on total variation and it is followed by inlet air flow (AF = 36.27%), Inlet water temperature (WT = 1.40%), water flow -air flow (WF·AF = 2.43) and interactions. 
Regression analysis
By mean of regression and correlation analysis, the effect of process parameter on the quality characteristics of cooling tower effectiveness (e) was obtained as follows.
e(predicted) = 53.8 -0.164 WF + 0.123 AF + 0.299 WT
Here e is dependent variable and WF, AT, and WT are independent variables. Corresponding coded levels are given in tab. 7. It is clear that statistical model can predict the cooling tower effectiveness with sufficient accuracy depending on the obtained correlation coefficients (R 2 = 96.6%). Predicted results obtained by eq. (7) are shown in tab. 6.
Determination of optimal factor levels
Main effects plots of S/N ratios and means and interactions effect plots for S/N ratios are given in figs. 4, 5, and 6, respectively. From fig. 4 , it is obvious that the inlet WF and inlet AF are 100 kg/h and 200 kg/h in obtaining the maximum cooling tower effectiveness. It is difficult to determine the optimum level of WT from this graphic. According to fig. 6 , WF-AF and WF-WT interactions are considered, the optimum parameter settings are WF = 100 kg/h, AF = 200 kg/h, and 
Confirmation tests
The final step is verifying the results based on Taguchi experimental design is the experimental confirmation test. Table 9 shows the experimental condition including optimal factors settings. Table 10 indicates the comparative test results for cooling tower effectiveness. fig. 7 .
Conclusions
In this article, effect and optimization of process parameters in counter flow cooling tower on maximum cooling tower effectiveness were investigated through Taguchi methods. From the analysis on the results of cooling tower effectiveness of cooling tower, the following conclusions can be drawn from the study. · Based on the ANOVA results, all control factors and their two-way interactions have significant effect on the quality characteristics statistically. · Uncertainty analysis was conducted in the experimental runs. The cooling tower performance measurements were conducted in order to ensure the measurement reliability. Validation results agree with errors less than 0.1%. · Water flow (WF = 59.33%) has the most dominant effect on total variation and it is followed by air flow (AF = 36.27%),water flow-air flow(WF-AF = 2.43%), and water temperature (WT = 1.4%). Figure 7 . Normal probability plot and histogram for experimental runs · The effects of control factors and their two-way interactions on response were modeled via regression and correlation analysis with R 2 -value of 96.6%. · The optimum experiment condition which gives the maximum cooling tower effectiveness was obtained with WF kept at first level (100 kg/h), AF kept at third level (200 kg/h) and water temperature kept at third level (48°C). · Three confirmation experiments including one at optimum experiment condition were conducted and found that the error between predicted values and confirmation test results is only 2.49%. This result indicates that Taguchi method can be used in the optimization of counter flow cooling tower performance reliably. · As seen from the optimum results, maximum cooling tower effectiveness was achieved at lower water flow rate, higher AF rate and higher WT. 
